A farm food safety risk assessment matrix (MY FRAM) was developed for horticultural farms. 23
Introduction 34 35
Fresh produce and sprouted seeds have been implicated in a number of documented outbreaks of 36 illness in countries such as the US and within the EU. Powell and Chapman (2007) identified 37 that since 1990 there have been over 500 outbreaks related to produce in US and argued that 38 fresh fruits and vegetables are 'one of the most significant sources, if not the most significant 39 source of foodborne illness today'. The CDC reported that the incidence of outbreaks is greater 40 for vegetables than for fruits and revealed salad greens, lettuce, sprouts, melons and tomatoes as 41 the leading vehicles of illness. These fresh products have also received much attention by the 42 FAO/WHO, which gave leafy green vegetables (including fresh herbs) the highest priority as 43 commodities of global concern. Many of these commodities are vulnerable to contamination 44 because they grow on or close to soil where contamination can potentially occur. Produce can 45 also become contaminated with microbial pathogens by a wide variety of mechanisms. 46
Contamination leading to foodborne illness has occurred during production, harvest, processing, 47 and transporting, as well as in retail and foodservice establishments and in the home kitchen 48 (FDA, 2010) . 49
50
The likelihood of the edible parts of a crop becoming contaminated depends upon a number of 51 factors which includes growing location, type of irrigation application and nature of produce 52 surface. Some of the sources of pre-harvest contamination of produce include irrigation water 53 (Steele and Odumeru, 2004) , contaminated manure, sewage sludge, run-off water from livestock 54 operations and wild and domestic animals (Beuchat, 2006; Delaquis,Bach and Dinu, 2007) . 55 56 3 It is imperative to start reducing risk factors at farms, so this may reduce the contamination load 57 into the processing and food preparation stage. A farm food safety risk assessment may be one of 58 the many intervention strategies in reducing or preventing the food safety and disease risks from 59 occurring. Hence, the development of MY FRAM is timely and can be utilised by horticultural 60 farmers to identify potential food safety risks and to develop action plans or corrective actions. are then prompt to name and describe the project. When a project has been created successfully, 75 user will be allowed to add new Study into the project based on a period of time. After naming 76 the study, users can go through the process to assess the risks for their crops. Experts were defined as having met two criteria: (1) currently teaching in a university level food 102 science or agriculture/horticulture programme or working in the horticulture/agriculture (2) 103 experience in the food safety, microbiology, chemical, toxicology, or risk assessment. The 104 invitation contained a cover letter of a short description of the study and Delphi Round II 105 questionnaire. Even though it is more advantageous to conduct a face to face interview in the 106 first round to increase the response rates, it was not conducted in this study due to the limited 107 financial resources and time. Three rounds of questions and answers were deemed to be optimal 108 for this study (Soon et 
Good Agricultural Practice (GAP) analysis 125
Most risk based models and standards for managing food safety at the farm level rely on the 126 adoption of Good Agricultural Practice (GAP), therefore MY FRAM matrix required appropriate 127 GAP to be embedded. The Good Agricultural Practice (GAP) Analysis self-assessment questions 128
were developed for fresh produce production to encourage farmers to assess specific process 129 during the primary production. A check-list containing 38 questions was drawn up according to 130
Good Agricultural Practice (with an emphasis on food safety) and distributed under 8 sections 131
according to the production process and inputs: (1) Process -Site selection; (2) Process -132 FDA Produce Rule. The questions were selected on the basis of occurrences of potential hazards 140 at the farm level and these 38 questions were summarised in order to allow farmers to focus on 141 basic fresh produce safety criteria. A number of questions (> 40) may be too distracting for the 142 farmers, while too few questions may not provide enough resolution for the farmers to conduct 143 appropriate self-assessments. A more comprehensive and shorter version of assessment questions 144 is more suited for small and medium farmers to enable them to focus their resources in 145 prioritising food safety. handling and inputs such as irrigation water, application of fertilisers and pesticides. According 152 to the processes, users are given scenarios of likelihood of occurrences (high, medium, low or no 153 defined risk) to select from. For example, the risk factor for irrigation water sources is described. 154
The low likelihood of occurrence for potential hazards to arise is defined as fresh produce farms 155 using borehole/ground water or using tested (safe) surface water while higher likelihood of 156 occurrence of food safety problems is associated with the use of surface water ( Figure 2 (2): This outbreak/contamination has been reported in the local 171 media or had occurred in other nearby farms 172
Low
(1): Never occurred, but likelihood of occurrence is possible 173 174
Severity of food safety hazard 175
Criteria for the definition of each level of severity scoring for each risk factor were based on the 176 review of literature and food legislation, vetted by consensus expert opinion from academia and 177 industry experts. 178
179
The severity scoring is based on the following parameters (for general population unless 180 stated otherwise): 181
Minor
: Minor injury to consumer 182
Moderate
: Consumer in hospital/Serious short term injury 183
High
: May lead to severe health impact or death 184 185
Risk weight (severity × likelihood) 186
A risk matrix is developed to measure risk. The determination of risk is derived by multiplying 187 the scores assigned for likelihood of occurrences and the severity of the hazards. The risk matrix 188 consists of a 3 x 3 matrix of likelihood (high, medium and low) and severity (high, medium and 189 low) to keep the risk assessment as simple as possible for farm operators' usage ( Figure 3) . 190
There are other matrixes which use 4 x 4 or a 5 x 5 matrix depending on the risk assessor's 191 requirements. According to Moses and Malone (2005) , a typical 3 x 3 matrix do not provide 9 enough resolution, while anything greater than a 5 x 5 was too distracting. This 3 x 3 matrix is 193 adopted for its simplicity in translating practical risk ranking outputs for farm personnel. 194
195
The overall food safety risk can be categorised into high, medium or low based on the risk 196 ranking score (1-9) when likelihood score multiplies with severity score. The scores used in 197 FRAM matrix were based on a simple 1 to 9 scoring system to retain simplicity. 
Effectiveness as judged by the end user 224
End users (farmers) were asked to determine which part of the tool and topics were most useful 225 or relevant to them. Developing their own action plan and using it as proof of assessment for 226 future third-party audits were ranked the highest among the farms (Fig. 6 ). All the farms also 227 agreed that 'Sowing/Planting' and 'Irrigation Water' topics were the most relevant and useful to 228 them followed by 'Plant Protection Products' (92%) and 'Harvesting' (92%). A few topics such 229 as waste handling and on-site packing (e.g. harvesting and bagging of fresh produce on rigs) 230 were suggested to be included into MY FRAM. Farm B also stated that there should be less 231 focus on wild animals' assessment. Instead, more emphasis should be given to pesticides 232 assessment as well as to expand the post-harvest handling assessment into individual washing, 233 grading and packing assessments. Farm C noted that MY FRAM should specify the type of 234 crops and risks of specific crops, e.g. Group I -leafy greens, tomatoes; Group II -carrots, 235 onions; Group III -potatoes and Group IV -wheat, sugarbeet. More than half of the farms 236 (58%) revealed that MY FRAM matrix has increased their interest in conducting farm food 237 11 safety-risk assessment and 45% stated that after testing and using MY FRAM, it has improved 238 their farm-food safety practices knowledge. 
Role of MY FRAM in horticultural crops 243
The semi-quantitative scoring system of MY FRAM matrix to characterise risk is a good 244 approach to help growers to understand that certain practices can be dangerous (e.g. factors. The choice of food safety risk assessment model / matrix / tool is crucial to an 252 organisation and MY FRAM can be utilised as a mechanism for assessing food safety risks and 253 is an optional choice of self-risk assessment for farmers (Manning and Soon, 2013) . 254 255
Limitations of MY FRAM 256
The general GAP requirements will be similar for all farms but some growers will require a more 257 specialised GAP approach depending on their commodity or target consumers. In order to keep 258 MY FRAM simplistic and to encourage farmers to carry out self-risk assessments; some of the 259 risk factors were not specific enough and options given were limited, e.g. under risk factor for 12 site selection: 'Probability of site contaminated with run-offs from livestock farms'. Three 261 scenarios likelihood of occurrences were given: (i) My farm is upstream from any sources of 262 contamination; (ii) My farm is downstream from a well-managed livestock farm but may receive 263 run-off during flooding; and (iii) My farm is downstream from at least one livestock farm and 264 run-offs are commonly received. Since different farms faced different geographical 265 environments, the options or scenarios given may not be specific enough for farms to select The authors gratefully acknowledge the financial support from the Ministry of Education 283
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